The wiode’s cowrosion rateis acceleratesd beyond that
wiiich normally ocours | the cathode was ol present,
Lo batteries, theelectrie charge is depleted when

the anode metal is consumed. With respect 1o
architedtural applications, accelerated conrosion
may cause siructural damage of the anodic metal or
aesthetic issues. [l s lmportant (o noté the corrosion
potential (or voltage potential) created hetween two
metals depends on the electroiyte used—the same
two metals may act vastly dilferent 1 varying

Use of Dissimilar — st

e ASTM International G 82, Standard Guide for )
M e-l:al S i n — ] 3~ Development and Use of a Galvanic Series for

e Predicting Galvanic Corrosion Performance, provides
' a method for develeping a series for any electrolyte

L] ] ) 1 II [ 1
B u I ] d I n g Fa(; ad eS = of interest. The guide includes two galvanic series
= = - charts as examples, but both were developed for

metals in seawater; the precautions note each series
is specific to the environment for which it is

Testing the common knowledée

compiled, and should not be used to predict S —
performance in other environments. Toromto's Art Gallery of Ontario {AGO} marks the first Canadian building
: ; : by native son, Frank Galiry. Amaong s many design teatures is the striking
Standard galvanic serles.charts have b?en ?vallable useof blue taniom and other metals. Lkse of dissimilar materiais can have
for many years. They provide general guidelines for an impact it carrosion is not taken under consideration. I
| compatibility of metals. However, many of the Photo courlesy Peter Saunders i
by Jeff . Ceruti, PE
| y Jeffry J. Geruti, P . . e ) (s N
Phote €BigSeckPholo.com Sustainable Attributes Verification and Evaluation"—New from ICC-ES

The new SAVE™ program from ICC-ES®
provides the most trusted third-party
verification available today for sustainable
construction products. Under this program,
ICC-ES evaluates and confirms product’s

| DESIGNERS HAVE LONG BEEN AWARE OF over the fagade, or projected ledges covered with
. THE NEED TO SEPARATE DISSIMILAR METALS. metal, may also create potential for galvanic
THIS REQUIREMENT FREQUENTLY APPEARS IN corrosion and staining.

I PROJECT SPECIFICATIONS FOR SHEET METAL This article reviews the issues associated with sustainable attributes. The SAVE" program
AND OTHER TRADES, BUT INDUSTRY galvanic corrosion in architectural applications, may also assist in identifying products that
' REFERENCES FOR GALVANIC CORROSION and presents initial findings of atmospheric help qualify for points under major green
I ARE INADEQUATE FOR TODAY'S USE OF corrosion testing between metals commonly used rating systems such as US Green Building
ARCHITECTURAL SHEFET METAL IN FACADES in building fagades. Council’s LEED, Green Building Initiative’s
AND ROCFS, THIS MAKES IT DIFFICULT TO Ere?n Gtoct)es orBIC.{Cd/.NAStB’sgroc[]JorzdeS
ational Green Buitdin andar .
ABEESS THE REAL RiSK OF COMBINING Backg.round o . When it comee o makifg e that[produ]cts
DIFFERENT METALS. Galvanic corrosion is an electrochernical process possess the sustainable attributes claimed,
that occurs when two different metals come in you can trust [CC-ES SAVE.
! Architectural design of facades has become more contact in the presence of an electrelyte. This process
I complex, and buildings now cemmonly include is the hasis for standard battery construction. In this FOR MORE INFGHMﬁ.TTDi:I ABOUT SAVE™:
multiple materials that may be incompatible over situation, an electric charge is produced, and the 1-800-423-6587 | www.icc-es.org/save
the long term. Even relatively standard rainscreen metal with the lower voltage potential (i.e. the anode)
, wall systems, such as aluminum panels supperted in a given electrolyte solution will corrode
' by galvanized steel framing, can create durability preferentially to the metal with the higher voltage
issues. Runoff or dripping from roof and gutters potential {7.e. the cathode). I

94 the construclion specifier | june 2009 une 2009 | the construction speciier 95




Condensation collected in the skylight gutter system and drained onto the copper
rool, as designed. However, these portions remained a brighi red while the rest
turned dark brown.

cummonly available galvanic series charts were Galvanic series charts for atmospheric conditions,
developed by or for the U.S. Navy in the 1940s.  without chlorides, are not generally available.
The Navy, for good reason, used seawater as the  Consequently, designers and their consultants have been

electrolyte because it was interested in metals making decisions on sheet metal compatibility for

used in ship construction. Chloride ions can buildings based on galvanic series information developed
significantly accelerate the corrosion of most using seawater. However, unless the project is very close
common Mmetals; in a galvanic situation, to the shore, chlorides are not present in most

corrosion of the anodic metal can accelerate architectural applications. Since the atmospheric

exposure of a building may be significantly different than
an ocean exposure, the actual performance of metals on

even faster,

buildings could be quite different than the standard
galvanic charts may predict.

Further, the available galvanic series charts incorporate
many high-end alloys used for industrial or marine
applications, but exclude the materials and coatings
normally employed in architectural applications. Many
newer metal alloys have not been tested for galvanic
action, The charts also do not describe the severity of
galvanic corrosion or the potential for staining between

Figure 1

different metals or materials.

Atmospheric testing
The lack of appropriate industry references first came to
this author’s attention in the early 1990s, after observing

a capper roof suffering from corrosion beneath an

* aluminum/zinc-alloy-coated steel (AL/Zn stes 13
® COPPEE;

o calvinized sreel;

* lead-coated copper;

* stainless gteel, Tvpe 304;

* tin/zinc-allov-coated copper; and

* linfzimc-allov-coared stainless steel.

The test assemblies comprise 305 x 305-mm (12
12-1n.} pieces of cach type of sheet metal, formed
with a 12.7-mm (0.5-in.) hem on one side of every setmanty eluds il ; § '

piece. Different pieces of metal are loose-locked |>-‘ in -r.':t-';r‘r‘.l. l.r-.-;_-'|I~I:‘1;:_uIur;I-I;-F..Iijzlfl;;::.;Icl-e'.i.;-l.é-l:, |I..I;-I1I|-.:-.I.IH,-:;¢|‘..|? I.“-ZW.PH.=.1"_-W.- R
together and mounted on wood frames set at an - T
approximately 1G-degree slope, with the lock
‘shingled’ to shed water (Figure 2). Two samples
were made for every combination of the different
metals tested, alternating the ‘upper’ and ‘lower’
sheet orientation. Before installation, each specimen
was rieasured, weighed, and identified.

The test panels and orientation do not meet a
standardized test method, since no relevant method
was available. Also, the test is not intended to meet
the ideal or controlled conditions available in a
laboratory, but to better reflect the real-world
environment and all its variables.

ArchitBotyges T
chltectural fagadas have bacomn mare comptex. Bulldings now
r el Rl

Comosion ocourrad on this copper roof where gondanzaliGn deippstl . - : .
i L RAT RA. Wi et aluminum skylight. Condensation collected in the
fram an aluminum skylight, whils the remainder af the ool tumed
charh brown due o the infiuencs of ndrmal westheong.

as designed. However, the copper in these locations
remained a bright red color while the remainder of the
} Figure 2 roof had begun its normal oxidation process, turning
dark brown after a few months of exposure (Figure 1).
In reviewing various galvanic series charts, the
consensus was copper would not corrode preferentially
to aluminum, because aluminum was far more ‘active’
than copper. The standard charts did not predict the
cosrosion pattern,

Images courtesy Simpson, Gumpsnz, and Hager

on a roof in suburhan Massachusetts to assess this

exposed to atmospheric conditions to evaluate the
potential for galvanic action and staining between
commonly used sheet metal materials. The sample
panels included the following:

s aluminum;

.

he lest aseembilies in suburban Massachusatts, ditletan! pleces

me-looked togett ol molinted on wiood fraries sot
at & 1 O-tagres slope, with the tock 'shilngled’ to shed watsy # aluminum with clear anodized coating;
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skylight gutter system and drained onto the copper roof,

In 2000, this author’s firm constructed sample panels

further. These specimens were then {(and continue to be)

Tiered seating immerses
your audignce in the
experience. Auditoriums,
churches, sport venues,
and educational facilities
are now opting for tiered
seating.
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Geofoam riser system is a
practical and economical
alternative to achieve tiered
stadium style seating in any
new or existing facility.
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Figure 3

Aunoll from stalniess stesl causad a portion ol (he copper pane
ter rerain brght and shiny, indicatihg corresion.

Many factors can affect the corrosion rate of metals on
buildings, including rainfall amount, temperature, solar gain
{i.e. exposure), airborne pollutants, and even the presence
of birds in the area {they may drop corrosive feces onto the
building). Therefore, while this atmospheric test does not use
seawater as an electrolyte, it still represents only the local
environment—other locations may produce somewhat
different results.

1
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finishes and powder-coated colors. For quality products and
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Stainless stesl ovay isad-coated copper comodsd porhions of the
lead, It cause staining ana cormsion o most samples.

Another consideration for galvanic
corrosion is the effective area involved
between the two metals. If the noble
metal has a larger surface area than the
active one, tben corrosion of the active
metal increases more significantly than
if the areas were equal. Conversely, if
the active metal has a larger surface area,
then it may not corrode preferentially
to the noble metal. For this reason,
more noble materials should generally
be selected for smaller pieces of an
assembly, such as using stainless steel
fasteners with alumiuum parts, The test
panels were all made the sanie size to
avold any area effects on the corrosion.

interim test results

After eight years of exposure, definite
patterns emerged in the test samples.
Staining and corrosion is eccurring on
many of the lower samples due to runoff
from the upper pieces. Further analysis
of samples is needed to identify the
elements observed in the stains and to
verify whether staining represents
actual material loss, or if materials are
deposited ou the lower sheet.

Type 304 stainless steel, when in its
naturally passivated state, is clearly the
most noble of the metals tested and has
caused staining and corrosion on all
samples, except those with aluminum
surfacing. Stainless steel draining over
copper caused a portion of the copper

o remain bright and shiny, indicating corrosion
(Plgre 3). Stainless stee] aver |-‘:4-.§-:cn.mu.' capper
cormided portions of the [eag (Figure 4},
Stainless steel over galvanized steel has caiised
severe cortosion of the zinc coating and significant
rusting of the steel base metal—this reaction was
predicted by galvanic series charts, which show
stainless steel os a noble metal and zine as a highiy
active metal. Stainless stee] draining aver rin/z‘inc.—
coated steel and copper caused significant white/
gray staining on both pieces, indicating initial corrosion
of the protective coating (Figure 5). Hiwever,
stainless steel draining over aluminum, anodized
aluminum, and Al/Zn-coated steel produced only a
minor black stain at the edge of the lock, which may
be indicative of an aluminum oxide formation.
Meanwhile, none of the other metals are causing
notahle staining or corrosion of stainless steel when
used as the lower piece, except for some minor
staining at the interlock that may result from a
corrosion process within the lock.
As indicated in galvanic series charts, copper is
also a noble metal, and has corroded the zinc coating
and caused red rust on the galvanized steel parnel.

Birmingham, AL  Fontana, CA = lLakeland £l e Plus g distr
Made in the USA « www.amico-lath.com = 800-366-2642

COppEr caused white/oray Staining on poth pleces, :
Indicating inllial covromian of the protegtive Ccoating
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Having slainiess sleel dra

steel and copper caused

ining over tin/zinc-coa red
significant white/gray

starining on both pleces. This indicates the initial
corrosion of the prolective coating.

Heavy black streaking occurred on the
lead-coated copper sheet below copper
(Figure 6}, and copper also caused
staining on the tin/zinc-coated metals
and some green staining on the
aluminum piece. Copper over the
A)/7n-coated steel resulted in severe
coating loss and rusting of the steel
base (Figure 7).

Unlike stainless steel, however, all
the other metals cause at least some
minor gray staining on the lower
copper sheet. This may be from
deposits of the upper metal onto the
copper below or, in the case of galvanized
steel and Al/Zn-coated steel (Figure 8),
due to corrosion product within the
lock that flows onto the copper.

Aluminum caused some definite
gray staining on the copper {Figure %,
page 102), but not the bright shiny

copper staining cbserved at the
skylight situation years ago. This
suggests a difference in the
environment or the corrosivity or
concentration of water flow.

Aluminum and anodized aluminum
as the upper sheet both caused
corrosion of the galvanized steel sheet,
staining and corrosion of the tin/zinc
coating pieces (Figure 10, page 102),
and a shiny staining on lead-coated
copper. However, on the lower sheet,
the anodized aluminum was not
affected by any other metal, while the
aluminum sheet had black stains
where below stainless steel, galvanized
steel, and the tin/zinc sheets. This
difference shows the heavy aluminum
oxide created in the anodizing process
helps protect the metal from staining
and corrosion.

E Flgure &

=

Mamyvy black streaking octurrsd an hat leat-coated copper enesl elow e cop

b‘ Figure ¥ o

Coppet over the alumloum/sing-coated stee| resulted (0 sevar
FE Sl 1 SEVETNE

soating loss and rustleg of the stesl base Castrosion prodict eccurs within he ook between aluminum/zine
we2n BlUminumyzine-

coated stes| and the coppen

The reaction between lead-coated copper and Al/
Zn-coated steel is severe—red rust has occurred at
the lock of both sample orientations, indicating
failure of the Al/Zn coating and corrosion of the
base steel within the lock (Figure 11, page 104).
When oriented on the lower sheet, the lead ceating

1s affected by the Al/Zn coating and has a shiny
gray streak with black staining. Lead-coated copper
has caused corrosion of the galvanized steel,
resulting in red rust at the lock area. A faint white

stain occurred on the tin/zinc-coated metal below
lead-coated copper.
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Garrgslon incompatibility with dissimilar materials s mors prevalent than most realire. Even somathing as innocuous as metal panels

of una type supported Sy framing of anothsr can yisld durabllity issues

Imuge @ BigSlockPhola.com

. " Al/Zn-coated steel has also corroded the
} et ) ) galvanized steel panel, causing a red rust
spot below the lock. Additionally, it has led
to white staining and corrosion of the tin/
zinc-coated sheets—but to a lesser degree
than some of the other metals.

The tin/zinc metals have created minor
shiny stains on the lower lead-coated copper
panels, but have not caused staining of any
other materials. So far, this coating is the
only metal to not cause significant corrosion

of galvanized steel.

Auminum and sisiniess steel caused corrosion or dalinite gray staining on copper.
Discussion

r Some of the observations discussed in this

Figure 10
article, such as the severe corrosion of zinc

coating on galvanized steel, might have
been predicted by reviewing standard
galvanic series charts—zinc is a highly
‘active’ metal prone to corrosion in galvanic
situations. However, other interim results
could not be predicted, and the relative
severity of the staining and corrosion
patterns can help guide decisions on the
selection of materials.

One surprise is the performance of
aluminun: i1t these tests. An active metal in
galvanic tests based on seawater, aluminum

Alumirm calsed corrpslon of the galvanized steal shest (Jeft), and staining

and cormsion of he ianc coating pleceas,

102 the conslruction specilter | june 2009

should show mesre sienifican: staimng and cormsion
when used as the lower sheet. To date, these
atmospheric tests show aluminum is not sl
resistant (o sigmificant galvanic corrosion, but can
also cause staining and corrosion of some other
metals and should be separated accordingly,

Performance of the Al/Zni-coated steel, which is
typically not included in galvanic series charts,
appears to be similar to aluminum; the Al/7n alloy
is approximately 80 percent aliiminm by valume or
surface area, so it is not too surprising to see this
trend. However, in combination witl, copper and
lead, the Al/Zn coating suffers from heav'); staining
and corrosion whereas aluminum does not. This
may indicate copper and lead are reacting with the
zinc-rich phase of the Al/Zn alloy coating, causing
premature deterioration.

The tin/zinc coating on stainless steel and copper
is a relatively new alloy also not included in galvanic
series charts. The tests show tin/zinc is affected by
all other metals except galvanized steel and lead-
coated copper, This indicates the alloy is a highly
active metal. In an actual installation, once the tin/
zinc coating is fully deteriorated, the underlying
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Conclusions
As the trend in architectural building design

Wien paining aluminumizinc-coated s with tead-coatd CojpHr, o

st occurred at the jock of letlt smmple orentations, indicating lailure of

the Aiuminurnizing coating and co rostin of this bagse steal within tha |

stainless steel or copper should function rauch
the uncoated products. Consequently, galvanic
action may create coating pe rformance and

aesthetic issues in the field, but may not result in records. As this trend continues, decisions on
through-corrosion of the base metal. This is unlike ~ material selection for bujlding enclosures become
galvanized steel, where corrosion of zinc allows the increasingly important for both performance and
underlying carbon steel base roetal to corrode when aesthetics, particularly where one material roay

exposed to the elemnents.

f
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Abstract

Architectural design of building fagades has become mMoTe
complex, and builcings now commonly Include multiple
materials that may be incompaticle over the long term.
Even relatively standard rainscreen wall systems, such as
aluminum pangls supported by galvanizec steef framing,
can create durapiiity issues. This article reviews the issues
associated with galvanic corrosion in architectural
applications, and presents initial findings of atmospheric
corrosion testing between metals commonly used in
puilding fagades.
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Many kactors cal affect thi comogion ate of rrseteile on
fuiidings. including rainlall, terpperature, salar exposure;
alrbiime pothriants, andg avan lird fecas.

continues to explore the boundaries of what is
possible to build successfully, different materials
. more commonly comme in contact or drain over one
another within the same building facade. Choices
like for facade materials have expanded beyond the
traditional rypes used in the past, and now include
some materials with short performance track

et e aware ot e gffacls of canpsion prod
atmgspherlc expasure oF @ Dullding may be significs
Images & BigStockPhoto.com

Based on interim observations after eight years of
atmospheric exposure in suburban Massachusetts,
material combinations that appear acceptable to
date include:
 stainless steel with either aluminum or anodized

aluminum;
s tin/zinc-coated products with galvanized steel;
and

e aluminum with Al/Zn-coated steel.

1y difterent than an ocean axposyme

Continuation of the test will show whether these
materials remain comipatible. Although corrosion of
certain materials may be accelerated from galvanic
action, the resulting corresion rate could be low
enough that issues are not observed during the
product’s service life. Other metal combinations
tested may result in corrosion or staining problems
in service, depending on how the materials are
oriented for drainage on the building. Cs
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